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Human Vy9VS2 T cells were shown recently to respond to nonpeptidic phosphorylated molecules of mycobac- 
terial origin (previously referred to as TUBag). To investigate the early events of Vy9V82 T cell activation, we have 
analyzed induction of cytotoxicity and TNF production of T cell clones by these molecules. We showed that within 
minutes after exposure, TUBag induced cytotoxicity of Vy9V82 CTL (but not of CTL expressing other TCR V7/VS 
or VoyV/3 regions) against a broad set of target cells, including effector cells themselves. Induction of V-y9V82 
cytotoxicity by TUBag was blocked by anti-TCR mAbs and was abrogated after dephosphorylation of TUBag. 
Similarly, TUBag, but not dephosphorylated TUBag, induced massive TNF production by Vy9V82 T cell clones 
only, which already was significant 20 min after exposure. Of note, only basal amounts of TNF were produced 
when cells were maintained in suspension in the presence of TUBag, indicating that efficient activation of TNF 
production induced by these compounds required a cell-to-cell contact. Finally, preincubation experiments al- 
lowed us to demonstrate that activation of Vy9V82 T cells was strictly dependent on the presence of TUBag 
because preincubation of the targets with TUBag followed by a single wash abrogated the activation. Taken 
together, these results strongly suggest that activation of Vy9V82 cells by TUBag occurs after binding of these 
compounds to (a) yet unidentified, highly conserved, and broadly distributed molecule(s). The results also suggest 
either that TUBag induces a very rapid and transient expression of a Vy9V62 TCR ligand or, more likely, that 
TUBag is a low affinity component of a complex recognized by the Vy9V§2 TCR. The Journal of Immunology, 
1995, 154: 5986-5994. 




lthough the precise function of 78 T cells yet 
remains elusive, numerous studies performed 
during the last five years have evidenced several 



features distinguishing this subset from a(3 T cells. Among 
these, the tropism of several yS T cell subsets for epithelia 
in direct contact with the external environment, their 
marked reactivity toward conserved mycobacterial and tu- 
moral Ags and their ability to interact with nonprocessed 
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Ags are probably the most salient ones (for review, see 
Refs. 1, 2). 

The prokaryotic and eukaryotic Ags recognized by 78 
T cells appear to be extremely heterogeneous. Murine 
and human yS T cells can recognize MHC-related mol- 
ecules (e.g., classical and nonclassical MHC products) 
(3-7), MHC-unrelated molecules belonging to the Ig 
gene superfamily (e.g., CD1 (8), CD48 (9), Ig (10)), 
heat shock proteins (HSP) 3 (11-14) as well as other 
native glycoproteins (15). 

Besides protein Ags, nonpeptidic phosphorylated mol- 
ecules of mycobacterial origin were shown recently to 
trigger the proliferation of a major human yS T cell subset 
expressing Vy9 and VS2 TCR regions (16-18). However, 
the precise mode of action of these so-called TUBag (17) 



3 Abbreviations used in this paper: HSP, heat shock proteins; LA, leukoagglu- 
tinin; BLCL, B lymphoblastoid cell line; PI, propidium iodide; ME, mycobac- 
terial extract. 
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has remained unclear. On the basis of blocking experi- 
ments using Abs raised against pro- and eukaryotic HSP, 
it has been suggested previously that bacterial ligands for 
Vy9V82 TCR were derived from stress proteins homolo- 
gous to Escherichia coli GroEL HSP (19, 20). Hence, this 
raised the possibility that TUBag-phosphorylated com- 
pounds could be capable of pre-activating Vy9V82 T cells 
in a soluble form and independently of the TCR, and that 
only in a second phase would Vy9V52 TCR interact spe- 
cifically with its physiological ligand (HSP or others) on 
the target cell. To address this point, we analyzed early 
activation events such as induction of cytotoxicity and 
TNF production after exposure to TUBag. The data herein 
rule out activation of Vy9VS2 T cells by soluble TUBag 
and show, instead, that TUBag must be bound to the target 
cells on what appear to be conserved and broadly distrib- 
uted molecules before Vy9VS2 activation. Moreover, al- 
though our data do not formally rule out an induction pro- 
cess, they are more compatible with the hypothesis of a 
direct recognition of these mycobacterial ligands by 
Vy9V52 TCR (presumably in association with their puta- 
tive receptors), which would result in an almost immediate 
activation of T cell broad killing activity and TNF 
production. 

Materials and Methods 

Abs 

The following mAbs were used for flow cytometry analyses and func- 
tional assays: IMMU49 (Vt9V82 G115 clonotyjx specific) (21) 
IMMU360 (anti-Vy9) (21), IMMU389 (anti-VS2) (21), IHl (anti-V81) 
(I. Houde, M. A. Peyrat and M. Bonneville, unpublished material), PL8 
(anli-HLA DR framework), and 2D6 (anti-HLA DP/DR framework, 
W6/32 (anti-HLA class 1 framework). PL8, 2D6, and W6/32 mAb were 
obtained from the Vllth HLA Workshop. 

Preparation of mycobacterial extracts, purification of 
the TUBag mycobacterial compounds, and 
enzymatic treatments 

The purification procedure for the Mycobacterium tuberculosis-inx'ivni 
TUBag was performed as described previously (17). In brief, mycobac- 
teria were killed by overnight incubation in agitated chloroform-metha- 
nol (v/v) solvent. The chloroform-methanol extract was dried, resus- 
pended in chloroform-water (v/v), and left to decant before collecting the 
aqueous phase, which was then dried to yield mycobacterial extracts 
(ME) reconstituted to 100 mg/ml in water as stock solutions stored at 
-30°C. For separation of TUBag, ME were subjected to DEAE anion 
exchange chromatography, eluted with 0.2 M salt, separated in isopro- 
panol + 30% water from silicic acid chromatography. The active mate- 
rial was separated in the water eluent from reverse phase open column 
chromatography and further in ion pair reverse phase-HPLC on C18 col- 
umns (Bischoff Chromatography, Leonberg, Germany) before isolation 
by HPAEC using ASH columns and dual conductimetry plus UV de- 
tection. Each separation step was monitored by detection of the prolif- 
erative or cytotoxic responses of a V-y9V82 clone (G115) as described 
previously (17). Enzymatic treatments were done on ME or purified 
TUBag4 using 3 U of calf intestinal alkaline phosphatase (Boehringer, 
Mannheim Meslan, France) plus 1 U of Crotalus adamanteus venom 
nucleotide pyrophosphatase (Sigma Chemical Co., Saint Quentin, 
France) incubated overnight at room temperature before assay for activ- 
ity. When not specified, TUBag or ME were tested at 100 arbitrary stim- 
ulating U/ml, which correspond to —100 ng/ml purified material in the 
case of TUBag4 (17). 



T cell clones 

T cell clones were derived from PBL from healthy individuals (22, 23) 
and from skin-infiltrating lymphocytes from a patient undergoing an 
acute graft-vs-host disease (24). They were isolated by limiting dilution 
and cultured as described previously (24). TCR-variable region expres- 
sion was deduced from flow cytometry analysis using TCR V-specific 
mAbs and from molecular analysis of TCR gene transcripts (22, 23). 

Cytotoxicity assays 

Cytolytic activity of T cell effectors was estimated in short-term 5l Cr- 
release assays as described previously (24). CTL lytic potential was es- 
timated by adding purified PHA (leucoagglutinin (LA) (Pharmacia, Upp- 
sala, Sweden) at 1 /xg/ml during the assay. In a set of preliminary 
experiments, we observed that efficient activation of CTL lytic machinery 
by TUBag was obtained with resting T cells but not with actively pro- 
liferating blasts. Therefore, in all subsequent cytotoxicity assays, effector 
cells were tested at least 2 wk after the last Ag stimulation. 
Preincubation experiments. Effector or 5l Cr-labeIed target cells were 
incubated in 96-well microtiter plates in the absence or presence of 
TUBag4. After a 2- to 4-h incubation at 37°C, plates were spun down for 
30" and flicked. Fresh target or effector cells were added on effector or 
target cell pellets, respectively, mixed, and incubated for 4 h at 37°C in 
the absence or presence of TUBag4. Supernatants were harvested, 
counted in a gamma counter, and % specific target lysis was calculated 
as described previously (24). In some experiments, cells were maintained 
in suspension during preincubation by gentle pipetting every 15 min. 

TNF assays 

Supernatants were assayed for TNF using the previously described cy- 
totoxic assay against WEH1164 clone 13 cells (25). Although this cell 
line is sensitive to human TNF-a and TNF-J3, which are both produced 
upon r cell activation, the lact that WEI1I164 cell lysis induced by su- 
pernatant lrom activated T cell clones was almost abrogated by a block- 
ing tnli rNF-aanti erum at 10 fig/m) (Boehringer) indicated that T cells 
mainly produced TNF-a after activation (data not shown). Each super- 
natant was tested at two dilutions (1 :10 and 1:50) in triplicate. The assay 
was performed as follows: 50 /xl of diluted supernatant was added to 50 
111 of actinomycin D-treated (2 jug/ml in PBS, Sigma) WEHI cells (6 X 
10 5 cells/ml) in flat-bottom %-well plates and incubated for 18 h at 37°C. 
In each experiment, a reference curve was obtained using serial dilutions 
of mouse rTNF-a (Boehringer), starting at 100 down to 0.02 pg/ml. After 
incubation, 50 ^1 of tetrazolium salts (MTT, 2.5 mg/ml in PBS, Sigma) 
was added to each well and incubated for 3 h. Formazan crystals were 
solubilized with 100 jxl of lysis buffer (1 vol of N,-N-dimethyI form- 
amide, 2 vol of 30% SDS, adjusted at pH 4.7 with acetic acid), and 
optical density was read at 570 nm with an ELISA plate reader (Molec- 
ular Devices, Les Ulis, France). The TNF content of supernatants was 
determined by comparing to the standard curve the dilution of superna- 
tant that fell within the linear portion of the curve. 

Results 

Activation of MHC-unrestricted cytolytic activity of 
Vy9V82 T cell clones by TUBag 

We and others (16-18) have described nonpeptidic my- 
cobacteria] compounds (referred to as TUBag by Constant 
et al. (17)) that are able to stimulate specifically the pro- 
liferation of Vy9V52 T cells. To investigate in more detail 
the mode of action of TUBag, we studied their ability to 
trigger cell lysis mediated by the Vt9VS2 T cell clone 
G115 (26) in short-term 51 Cr release assays. As shown in 
Table I, TUBag triggered the cytolytic activity of G115 
CTL against a broad set of targets but had no effect on 
target cell lysis mediated by an MHC-restricted a/3 CTL 
clone (BH) (24). TUBag-induced cytolysis was not re- 
stricted to targets of a particular tissue or species origin, 
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Table I. Activation of broad killing activity of a Vy9VS2 T cell clone by TUBag 



Target TUBag-lnduced Lysis LA-lnduced Lysis 



Species 


Name 


Origin 


G115 


BH 


G115 


BH 


Human 


DAB 


BLCL 


32 


0 


80 


60 




BL70 


BL 


21 


0 


62 


32 


















RJ225 


BL 


25 


0 


33 


70 


















BL30/95 


BL 


20 


0 


75 


52 


















KCI 


TL 


16 


0 


30 


24 




THPI 


TL 


12 


0 


69 


29 




KE6TG 


TL 


26 


0 


26 


73 




HSB2 


TL 


21 


0 


32 


71 




MRC5 


FBL 


39 


0 


58 


50 


Murine 


DA2 


nd 


14 


6 


50 


45 




BW5147 


Thymoma 


12 


0 


74 


65 




A20 


BL 


22 


0 


85 


62 




SP2/0 


Myeloma 


9 


0 


87 


52 




P815 


Masto 


32 


0 


65 


49 




mean, SD , 




24«, 




62«„ 


50„5> 



Cytolytic activity of a Vt9VS2 CTL clone (C1 15) and an MHC-restricted a/3 T cell clone (BH) against 51 Cr4abeled target cells was estimated in the absence or 
presence of the purified mycobacterial nucleotide conjugate TUBag4 (1 7) or lectin (LA). TUBag4- and LA-induced lysis were calculated according to the following 
formula: (% specific lysis in the presence of Ag or mitogen) - (% specific lysis in medium alone), estimated at a 20:1 E:T ratio. LA induced efficient lysis of all the 
target cells tested by the G1 1 5 and BH clones, whereas TUBag triggered target lysis by the C1 1 5 clone only. BLCL, B lymphoblastoid cell line; BL, B lymphoma; 
FBL, fibroblast; masto, mastocytoma, nd, not determined. 



i - 




E/T ratio 

FIGURE 1. TUBag activates broad lytic activity of V-y9V82 cells directed against both Fas + and Fas" xenogeneic targets. The 
cytolytic activity of V-/9VS2 CTL (clone G12) was estimated in a short-term 51 Cr-release assay against an allogeneic BLCL (DAB), a 
Fas + murine lymphoma (LI 210) and its Fas" variant (L1 21 0-3) at three E:T ratios in the absence (open symbols) or presence {closed 
symbols) of ME (1 mg/ml final concentration). Shown are representative data from two independent experiments. 



because both hemopoietic and fibroblastic human and mu- 
rine cells were lysed by clone G115 in the presence of the 
mycobacterial compound. Moreover, both Fas-positive 
and Fas-negative xenogeneic targets (27) were killed by 
G115 clone in the presence of TUBag (Fig. 1), which in- 
dicated that this conspicuous killing activity did not result 
merely from interactions between the broadly distributed 
Fas molecules and Fas ligands, which are classically ex- 
pressed by activated CTLs (for review, see Ref. 28). 

Induction of Vy9V82 CTL clone fratricide by TUBag 

Strikingly, incubation of Vy9VS2 cells alone in the pres- 
ence of TUBag led to lysis of the effectors (Fig. 2A). No 



effector cell lysis was observed in the presence of TUBag 
when cells were incubated at 4°C (data not shown), which 
ruled out a nonspecific toxic effect of the compound. 
Moreover, G115 cell lysis was abrogated when cells were 
maintained in suspension during incubation with TUBag, 
indicating that effector cell lysis resulted from a fratricidal 
activity (i.e., was dependent on cell-to-cell contact) rather 
than from a cell suicide (Fig. 2A). 

To confirm the relationships between TUBag-induced 
effector lysis and previously shown induction of Vt9V52 
T cell proliferation, we studied the effect of treatment with 
phosphatases (alkaline phosphatase and nucleotide pyro- 
phosphatase) on the ability of TUBag to activate Vy9V52 
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FIGURE 2. (A) Effect of cell resuspension on TUBag-induced 
Vt9VS2 effector cell lysis. 51 Cr-labeled Vt9V§2 CTL (clone 
G115) were incubated in the absence or presence of ME (1 
mg/ml) at 37°C for 2 h. Cells were either centrifuged at the 
beginning of the incubation (Pellet) or maintained in suspension 
by gentle pipetting every 15 min. Results are expressed as % 
5, Cr-release, calculated by dividing the experimental release by 
the maximal release (i.e., from cells incubated with detergent). 
Similar data were obtained in two independent experiments. (B) 
Dephosphorylation of TUBag abrogates their ability to activate 
Vy9V52 T cell fratricide. 51 Cr-labeled V-y9VS2 CTL (clone 
C1 1 5) were incubated in the absence (-) or presence of either 
ME or purified TUBag untreated or treated with a mixture of 
alkaline phosphatase and nucleotide pyrophosphatase. Shown 
are representative data obtained with ME of at least five inde- 
pendent experiments. 



cells. Consistent with published data (17, 18), dephospho- 
rylation of TUBag abrogated their capacity to stimulate 
V-v9V52 T cell proliferation (data not shown) and to in- 
duce Vy9V82 fratricide (Fig. 25), 

In agreement with previous results demonstrating that 
TUBag induced proliferation of V?9V82 T lymphocytes 
only (17, 18, 29, 30), TUBag triggered fratricide of my- 
cobacteria-reactive CTL clones bearing V-y9VS2 TCR but 
had no effect on CTL clones bearing a/3 TCR or 78 TCR 
with other V7V8 region combinations (Fig. 3A). More- 
over, TUBag-induced G115 CTL lysis was blocked effi- 
ciently by mAbs directed against the G115 TCR but nei- 
ther by irrelevant anti-TCR mAb nor by mAb directed 
against MHC class I and II framework epitopes (Fig. 3B 
and data not shown). Of note, none of the TCR-specific 
mAbs affected lectin-induced fratricide of the effectors 
(Fig. 3fi), which suggested that blockage of TUBag-in- 



duced lysis by the mAb was not due to generation of a 
nonspecific inhibitory signal after TCR cross-linking. 

Taken together, the above observations indicated that 
activation of Vy9V82 T cell lytic machinery by TUBag 
was a TCR-dependent process. However, because induc- 
tion of CTL lysis could be evidenced only through an as- 
say that required cell-to-cell contact, it did not allow us to 
determine whether activation of Vy9VS2 T cells resulted 
from direct cognate interactions between soluble TUBag 
and the 78 TCR or whether it required previous binding of 
TUBag to the target cells before TCR recognition. To ad- 
dress this issue, we studied induction of TNF production 
by TUBag as a measure of early T cell activation. 

TNF production by T lymphocytes in the presence 
of TUBag 

Incubation of Vy9V82 T cell clones, but not of a/3 T cells, 
in the presence of TUBag resulted in massive TNF pro- 
duction (generally above 100 pg/1.25 X 10 s cells after a 
3-h incubation) (Fig. 4A and data not shown). Consistent 
with data drawn from proliferation and cytotoxicity as- 
says, phosphatase-treated TUBag was unable to trigger 
TNF production by Vy9VS2 cells (Fig. 4A). Of note, TNF 
secretion by Vy9V82 T cells was almost abrogated when 
cells were maintained in suspension in the presence of Ag 
(Fig. 4B). Hence, this formally demonstrated that efficient 
induction of TNF production was not induced by soluble 
TUBag, but required previous binding of these molecules 
to the cell surface. 

Kinetic and preincubation studies 

In light of the above results, TUBag-mediated activation 
of Vt9VS2 T cells was monitored kinetically, to estimate 
the lag between binding of TUBag to the cell surface and 
TCR-dependent activation of Vy9V82 cells. TNF produc- 
tion already was significantly enhanced 20 min after ad- 
dition of TUBag (10.8 vs 1.6 pg/ml for cells in medium 
alone; see Fig. 45). To study early acquisition of lytic 
activity by Vy9V82 cells, we performed a cytofluorimetric 
analysis of propidium iodide (PI) uptake by the effectors, 
which permitted us to quantify accurately effector fratri- 
cide within minutes after addition of the stimulus (Fig. 
5A). Although TUBag had no effect on an irrelevant a0 T 
cell clone, it induced Vt9V82 T cell clone lysis, which 
was already detectable 6 min after addition of TUBag (Fig. 
55) and reached a plateau at 60 to 90 min (Fig. 5Q. 

Target cells lacking the relevant peptidic Ag but carry- 
ing appropriate MHC alleles are rendered susceptible to 
lysis by MHC-peptide-specific a(3 CTL after preincuba- 
tion with Ag before the CML assay. To test whether this 
also held true for TUBag, effector or target cells were pre- 
incubated at 4 or 37°C with TUBag and washed before the 
cytotoxicity assay, performed with or without TUBag at 
37°C. Preincubation of target cells with TUBag followed 
by a single wash did not render the cells susceptible to 
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FIGURE 3. (A) TUBag4 induces fratricidal lysis of \Ay9V52 CTL clones only. 51 Cr-labeled CTL clones expressing a/3 or 7S TCR 
with various combinations of TCR V regions were incubated for 4 h at 37°C in medium, TUBag4 or leucoagglutinin (LA). To 
take into account the lytic potential of the CTL clones tested, results were expressed as % relative self-lysis, calculated ac- 
cording to the following formula: [(% lysis in the presence of TUBag4)/(% lysis in the presence of LA)] X 100. Shown are data 
obtained with T cell clones tested in the same experiment. (6) Inhibition of TUBag4-induced fratricidal lysis of a Vy9V§2 T cell 
clone (G1 15) by anti-TCR mAbs. 5l Cr-labeled G1 1 5 cells were incubated for 4 h at 37°C in medium alone or in the presence 
of saturating amounts of TUBag4, with or without the following mAb (1/100 ascitis): IMMU49 (anti-G115 clonotype), 
IMMU360 (anti-Vy9), IMMU389 (anti-VS2), IH1 (anti-V81), PL8 (anti-HLA DR), 2D6 (anti-HLA DP/DR), and W6/32 (anti- 
HLA I). The Vy9-, VS2- and clonotype-specific mAb abrogated TUBag4-induced G1 1 5 lysis but had no effect on lectin-induced 
G1 1 5 lysis (see Fig. 1 b and data not shown). Shown are representative data of three separate experiments. 



lysis by Vy9V82 CTL, even after an overnight incubation 
(see representative experiment shown in Table II). Prein- 
cubation of effector cells with TUBag abrogated their abil- 
ity to lyse targets, even in the presence of TUBag, prob- 
ably as a consequence of effector fratricide (Table II). To 
avoid this TUBag-induced autocytotoxicity, Vy9VS2 cells 
were maintained in suspension during preincubation with 
TUBag. Under these conditions, even a 2-h preincubation 
at 37°C of effectors with saturating amounts of TUBag had 
no effect on their ability to kill themselves (Fig. 6) or al- 
logeneic targets (data not shown) in the absence or pres- 
ence of TUBag. 

In conclusion, these observations indicated that TUBag- 
mediated activation of Vy9V52 cells was very rapid and 
strictly required the presence of TUBag. 

Discussion 

Activation of Vy9V82 cells by mycobacterial antigens 
thus far has been studied almost exclusively through pro- 
liferation assays. These studies have demonstrated clearly 
the nonpeptidic nature of the activating TUBag mycobac- 
terial compounds (16-18), the lack of MHC restriction of 
TUBag-mediated activation (30, 31) and the involvement 
of the TCR in the activation process (16-18, 30, 31). 
However, because of the lag required between initiation of 
the proliferation assay and readout, the precise mode of 
action of these TUBag thus far has remained unclear. In 
particular, it could not be determined whether these com- 



pounds were recognized directly by the Vy9VS2 TCR, 
either in soluble or membrane-bound form or, alterna- 
tively, whether TUBag induced surface determinants rec- 
ognized in turn by the Vy9VS2 TCR. Moreover, because 
activation of T cell proliferation classically requires addi- 
tional accessory signals provided by professional APC 
(e.g., macrophages or BLCLs), it has not been possible to 
determine whether TUBag could be "presented" by the T 
cell responders themselves and/or by other nonprofes- 
sional APC of various origins. Clear answers to some of 
the above issues are provided in the present study, 
which focused on the analysis of early activation events 
such as induction of cytotoxicity and TNF production, 
which classically occurs within minutes or hours after 
antigenic stimulation. 

Our present data indicate that TUBag activated very 
rapidly and in a highly specific fashion cytotoxicity and 
TNF production by Vy9VS2 T cells. Significantly, al- 
most any cell (transformed or not, auto-, alio-, or xe- 
nogeneic) was killed by Vy9VS2 cells in the presence 
of TUBag. Several explanations can be put forward to 
account for this broad killing activity. Because activa- 
tion of V79V62 cells by TUBag occurred in the absence 
of any exogenous APC (Fig. 2), it is possible that broad 
cytotoxicity did not involve recognition of TUBag on 
the targets but, instead, was the mere consequence of 
activation of Vy9VS2 cells after self-presentation of 
TUBag. In this respect, early studies have shown that 
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FIGURE 4. (A) Induction of TNF production by TUBag is spe- 
cific to V-/9VS2 T cells and is abrogated by phosphatase treat- 
ment of TUBag. TNF production by a CD4* afi and a V79V82 
T cell clone (HERP1 and G12, respectively) was estimated after 
a 3-h incubation in medium alone (-) or in medium supple- 
mented with ME before (TUBag) and after (treated TUBag) treat- 
ment with alkaline phosphatase and nucleotide pyrophos- 
phatase. Specificity of the induction process was confirmed in at 
least five other experiments using 1 0 different CD4 + and CD8 + 
a/3 T cell clones and two different Vt9V52 T cell clones (G12 
and G1 1 5). Abrogation of TUBag activity by dephosphorylation 
was confirmed in two distinct experiments. (6) Kinetic analysis 
of TNF production by Vt9VS2 T cells in the presence of TUBag. 
V-y9V62 T cells (clone G12) were incubated in pellet {closed 
symbols) or in suspension (open symbols) in the presence of ME, 
and the amounts of secreted TNF were estimated in superna- 
tants recovered at various time points after addition of TUBag. 
Shown are representative data from two separate experiments. 

after specific antigenic stimulation, CTLs could lyse ir- 
relevant targets in their vicinity, presumably in a TCR- 
independent manner (32). Although this possibility can- 
not be ruled out formally, it does not fit with the fact 
that TUBag-induced lysis of exogenous targets was still 
observed in the absence of detectable self-lysis (our un- 



published observations). Therefore, our observations 
would suggest, rather, that induction of broad killing 
activity truly resulted from a TCR-dependent recogni- 
tion of the targets, after binding of TUBag to species- 
conserved and broadly distributed surface molecules. 

At least three distinct mechanisms of cell lysis have 
been described, and they involve TNF (33), Fas (34, 35), 
and Perforin (35), respectively. The inability of anti- 
TNF-a antiserum to block TUBag-induced effector fratri- 
cide allowed us to rule out involvement of TNF-a in the 
lytic process (Fig. 7). Moreover, the fact that Vy9V82 
cells were able to lyse both Fas + and Fas" xenogeneic 
targets indicated that TUBag-induced broad cytotoxicity 
was mostly Fas-independent. Accordingly, we found no 
evidence for induction of cell DNA fragmentation by 
TUBag (our unpublished results), an apoptotic process that 
classically follows Fas/Fas-ligand interaction (34, 35). 
Therefore, although we cannot exclude formally a role of 
other necrosis-inducing factors (such as lymphotoxin) in 
the process, it seems more likely that TUBag-induced frat- 
ricide is Perforin-based. 

How can we reconcile the present observations demon- 
strating occurrence of Vy9V82 cell fratricide after TUBag 
addition and previously shown induction of Vy9V52 T 
cell proliferation by the same compounds? In fact, one 
should stress that although TUBag efficiently activated 
fratricide of resting V-y9VS2 T cells, it had almost no ef- 
fect on actively proliferating blasts. Moreover, although 
induction of effector fratricide was very significant (al- 
though never total) when TUBag was added to effector 
cells alone, it was much weaker when effector cells were 
cocultured with a large excess of exogenous BLCLs, as 
was the case for proliferation assays (17). 

One might wonder how TUBag activates Vy9V82 T 
cells. The need for a cell-to-cell contact to activate effector 
cell lysis and TNF production clearly indicates that 
TUBag must be bound to the cell surface before recogni- 
tion. Whether these compounds have to be adsorbed non- 
specifically on the target surface to cross-link V"v9VS2 
TCR, whether they are recognized together with yet un- 
known specific receptors or whether they induce surface 
determinants recognized by the TCR still remains open. 
Kinetics experiments indicate that if there is an induction 
of a V-v9VS2 TCR ligand by TUBag, this induction pro- 
cess must be quite rapid because activation of V7W82 
cells occurred within minutes after addition of TUBag. 
Moreover, our inability to detect significant target lysis 
after removal of TUBag indicates that expression of the 
induced determinant is very transient. Therefore, the 
above observations fit rather with the hypothesis of a di- 
rect recognition of TUBag by Vy9VS2 TCR, presumably 
in association with a conserved surface molecule. In this 
case, the lack of sensitization of target cells to 78 effector 
lysis reflect merely a low affinity binding of TUBag to its 
putative receptor(s). Although this second hypothesis 
still remain unproven, it is clearly conceivable in light of 
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FIGURE 5. (A) CTL clone fratricidal lysis after incubation with TUBag4, as assessed by PI uptake. A V79VS2 CTL clone 
(G1 1 5) (26) was incubated for 45 min at 37°C in medium alone (-) or supplemented either with TUBag4 or LA, in the absence 
{left) or presence (right) of a Vy9-specific mAb (IMMU360). Cells were then resuspended in PBS + PI (1 jug/ml, final concen- 
tration) and analyzed by flow cytometry. Shown are the red fluorescence histograms (log scale) and the % of Pl-positive cells 
{right of each histogram). Note that addition of TUBag4 lead to lysis of G1 1 5 cells (upper left histogram), which was blocked 
in the presence of the Vy9-specific mAb (upper right histogram). Similar data were obtained in three independent experiments. 
(B, and Q Kinetic analysis of TUBag4-induced self-lysis of a V-y9V82 CTL clone. Proportions of Pl-positive cells (ordinate) were 
studied at various time points (abscissa, in min) after addition of TUBag4. In B, two effector cells were tested: the V-y9V82 CTL 
clone G1 15 and a polyclonal aj3 T cell line (#36). Shown are representative data from three distinct experiments. 



Table II. Effect of effector or target cell preincubation with TUBag 
on cell susceptibility to lysis by a Vy9V82 CTL clone 



Cell Preincubated 


TUBag 




% Effector 


with TUBag 


in CML 


Vysif' 




None 




5 


3 




+ 


40 


47 


Target (DAB) 




4 


2 




+ 


36 


47 


Effector (G115) 




13 


43 






12 


55 



Cytolytic activity of a V-y9VS2 clone (C1 15) against 51 Cr-labeled DAB 
BLCL was estimated in the absence or presence of purified TUBag4 (saturating 
amounts) after preincubation at 37°C with medium or TUBag4 (see Materials 
and Methods). % target lysis was calculated as described previously (24). % 
effector cell lysis was estimated by trypan blue exclusion (mean of duplicate 
counts on independent wells). 

a recent study demonstrating recognition by some 
CD4CD8 a£ T cells of nonpeptidic compounds (i.e., 
mycophenolic acids) presented by conserved CD1 mole- 
cules (36). 

Although several issues remain open with respect to the 
mode of action of TUBag, our present data indicate that 



Cr release (%) 




FIGURE 6. Effect of preincubation of Vt9V82 CTL with 
TUBag on effector fratricide in the absence or presence of 
TUBag. 51 Cr-labeled Vt9VS2 CTL (clone G115) were incu- 
bated in suspension for 2 h at 37°C in medium alone (-) or in 
medium supplemented with purified TUBag4 (+). Cells were 
washed once and incubated in the absence or presence of 
TUBag for 2 h at 37°C before estimation of 51 Cr-release. Shown 
are representative data from three separate experiments. 
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Supernatant* from clone G12 incubated Concentrations of TUBAg ( arbitrary unit*) 

with serial concentrations of TUBAg 

FIGURE 7. Effect of an anti-TNF-a antiserum on WEHI164 cytotoxicity and fratricide of a TU Bag-activated Vy9V82 T cell 
clone. (A) The G12 Vt9VS2 T cell clone was exposed to serial concentrations of TUBag at 37°C for 3 h, and its supernatant 
was tested for WEHI cytotoxicity in the presence (dark bars) or absence [light bars) of anti-TNF-a antiserum (10 jug/ml). 
Cytotoxicity is expressed in units relative to cytotoxicity obtained with 100 pg/ml mouse rTNF-a. (B) 5, Cr-labeled G12 clone 
was incubated at 37°C in the absence (open circles) or presence (filled circles) of anti-TNF-a antiserum (10 jag/ml). Effector 
fratricide was estimated by % of 5l Cr released after 3 h of incubation. 



these mycobacterial compounds trigger an early and un- 
restricted cytotoxic response mediated by V-y9V82 T lym- 
phocytes. Such a powerful activation mechanism might 
explain the necrotic lesions frequently observed around y8 
T cell infiltrates of mycobacterial infection foci (12-14). 
These data also lend support for a regulatory role of 78 T 
cells, already suggested by previous studies (37-40). Fi- 
nally, because distribution of Vy9VS2-activating mole- 
cules does not seem to be restricted to mycobacteria, these 
cytotoxic responses to conserved Ags might have impor- 
tant physiopathological implications for other types of 
bacterial and parasitic infections or autoimmune diseases 
(19, 30, 41). 
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